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We propose a one-loop induced neutrino mass model with hidden U(1) gauge
symmetry, in which we successfully involve a bosonic dark matter (DM) candidate
propagating inside a loop diagram in neutrino mass generation to explain the e+e−
excess recently reported by the DArk Matter Particle Explorer (DAMPE) experi-
ment. In our scenario dark matter annihilates into four leptons through Z ′ boson
as DM DM → Z ′Z ′(Z ′ → `+`−) and Z ′ decays into leptons via one-loop effect. We
then investigate branching ratios of Z ′ taking into account lepton flavor violations
and neutrino oscillation data.
PACS numbers:
∗Electronic address: nomura@kias.re.kr
†Electronic address: macokada3hiroshi@cts.nthu.edu.tw
‡Electronic address: pwwu@kias.re.kr
ar
X
iv
:1
80
1.
04
72
9v
2 
 [h
ep
-p
h]
  7
 Fe
b 2
01
8
2I. INTRODUCTION
The excess of positron/electron reported by the recent experiment of DArk Matter Par-
ticle Explorer (DAMPE) [1, 2], shows us several unique features if its excess could originate
as a fundamental dark matter (DM) particle [3];
1. The excess is monochromatically sharp, as if DM directly annihilates into a pair of
electron and positron.
2. The distribution energy is ∼1.4 TeV implying that the DM mass can be estimated
to be ∼1.5 TeV in case of two body annihilation and ∼3 TeV in case of four body
annihilation.
3. The needed cross section is & 1×10−26 cm3/s (' 1×10−9 GeV−2), when one assumes
an existence of dark subhalo near the earth,
where we have focussed on an annihilating thermal DM scenario. The third one suggests that
the scale of the DM annihilation cross section is close to the one to explain the relic density
of DM ∼0.12 [4]. As a consequence, one might result in s-wave dominant DM. To interpret
the excess, many papers have already appeared [5–40]. We also noticed an interesting DM
study through astrophysical signals [41] appearing shortly before the DAMPE results.
In this letter, we propose a bosonic DM candidate that also plays a role in inducing
the active neutrino masses, lepton flavor violations (LFVs), and muon anomalous magnetic
moment (∆aµ) at one-loop level, by introducing hidden gauged U(1)H symmetry [42, 43].
In our scenario, the SM fields are not charged under the U(1)H at tree level while extra
particles including DM candidate are charged. The DAMPE excess as well as relic density
is expected to be induced from a contact interaction via Z ′ boson with four-body lepton
annihilation and then their final state electron/positron pairs are generated at one-loop level
via Yukawa coupling; therefore 2X → 2Z ′ → ¯`` ¯`` (` = e, µ, τ, νe, νµ, ντ ). Since its numerical
value of Yukawa coupling is determined by the neutrino oscillation data, LFVs, and the
sizable ∆aµ, we can hopefully predict their ratio of final state of leptons to some extent.
This is one of the big motivations to work in such a framework.
This paper is organized as follows. In Sec. II, we introduce our model, and then formulate
each of sector such as Higgs sector, active neutrinos, LFVs, ∆aµ and branching ratio of Z
′
boson, and the DM sector. In Sec. III, we show branching ratio of Z ′ in allowed parameter
3region to satisfy neutrino oscillation data and constraints from LFVs through the numerical
analysis. Finally we carry out numerical analysis for the DM annihilation cross section and
show that the DAMPE excess as well as relic density can be explained. We conclude in
Sec. IV.
II. THE MODEL
L′a ϕ ∆ S
SU(2)L 2 1 2 1
U(1)Y −12 0 1 0
U(1)H x 4x −x −x
TABLE I: New field contents of fermions and bosons and their charge assignments under SU(2)L×
U(1)Y × U(1)H , where the lower index a(= 1 − 3) is the number of flavors and x is an arbitrary
value with nonzero.
In this section we introduce our model and derive some formulas such as neutrino mass
matrix, lepton flavor violation, Z ′ boson interactions and DM interactions.
A. Model setup
In the fermion sector, we introduce three isospin doublet fermions L′ ≡ [N,E]T with x
under U(1)H charge. In the boson sector, we introduce two types inert bosons S and ∆ with
−x(6= 0) under U(1)H symmetry, where S is an isospin singlet and ∆ is an isospin triplet.
Another isospin singlet ϕ with 4x under U(1)H symmetry has nonzero vacuum expectation
values (VEVs), which is denoted by 〈ϕ〉 ≡ v′/√2, where the VEV of SM Higgs H is denoted
by 〈H〉 ≡ v/√2. All the new field contents and their assignments are summarized in
table I. Notice here that all the SM fields are not charged under U(1)H symmetry. The
relevant Yukawa Lagrangian to generate the neutrino masses and scalar potential under
4these assignments are given by
− LY ⊃ fiαL¯LiL′RαS + gαjL¯′Lα∆∗LcLj +MαL¯′LαL′Rα + h.c., (II.1)
V ⊃ µ2ϕ|ϕ|2 +m2∆Tr[∆†∆] +m2S|S|2 + λϕ|ϕ|4 + λS|S|4 + λ∆Tr[∆†∆]2 + λ′∆Tr[(∆†∆)2]
+ λϕS|ϕ|2|S|2 + λϕ∆|ϕ|2Tr[∆†∆] + λS∆|S|2Tr[∆†∆] +
[
λ0
2
HT ∆†HS + h.c.
]
, (II.2)
where  is two by two anti-symmetric matrix, the index α, i, j = 1−3 represents the number
of family, M can be diagonal without loss of generality, we omitted the terms containing
the SM Higgs field in the potential, and all the Yukawa couplings to induce the SM fermion
masses are the same as the SM. The term λ0 contribute to the one-loop induced neutrino
masses. Here we assume all the parameters above are positive real for simplicity.
B. Higgs sector
Here we formulate the Higgs sector. First of all, we define each of the boson as follows:
H =
 w+
v+h+iz√
2
 , ∆1 =
 δ+√2 δ++
δ0 − δ+√2
 , ϕ ≡ v′ + ρ+ iz′√
2
, (II.3)
where H is the SM Higgs field, v ≈ 246 GeV, and we assume the mixing between ρ, h to be
negligibly tiny that is in agreement with the current experimental results of the SM Higgs
search at the LHC, while there exists nonzero mixing between S, δ0 due to λ0. Here we
define as follows:
δ0 = cαH1 + sαH2, S = −sαH1 + cαH2, (II.4)
where s(c)α, which is the short-hand notation of sin(cos)α, is proportional to λ0.
C. Mass matrix for active neutrinos
Here we formulate the active neutrino sector. First of all, let us write the relevant
Lagrangian in terms of mass eigenstate as follows:
−Lν = fiα(¯`LiERα + ν¯LiNRα)S + gαj
(
− 1√
2
E¯cLαν
c
Lj
δ− + N¯Lαν
c
Lj
δ∗
)
− gαj
(
1√
2
N¯Lα`
c
Lj
δ− + E¯Lα`
c
Lj
δ−−
)
+ h.c., (II.5)
5FIG. 1: The Feynman diagram for generating neutrino mass matrix.
where interactions inducing the neutrino mass corresponds to the first line, while the second
term contributes to the muon anomalous magnetic dipole moment as well as the lepton flavor
violations (LFVs). Then the active neutrino mass matrix mν is given at one-loop level via
two inert bosons as Fig. 1, and its formula is given by
(mν)ij = − sαcα
(4pi)2
∑
α
[fiαgαj + (fiαgαj)
T ]FI(Mα,mH1 ,mH2) ≡ −
∑
α
[fiαRαgαj + (fiαRαgαj)
T ],
(II.6)
FI(m1,m2,m3) ≡
m21m
2
2 ln
m21
m22
+m21m
2
3 ln
m23
m21
+m22m
2
3 ln
m22
m23
(m21 −m22)(m21 −m23)
, R ≡ sαcα
(4pi)2
FI(Mα,mH1 ,mH2),
(II.7)
Once we define mν ≡ VMNSDνV TMNS, one can rewrite Yukawa coupling f(g) in terms of
several known parameters as follows [44]:
f = −1
2
[VMNSDνV
T
MNS + A]g
−1R−1 or g = −1
2
R−1f−1[VMNSDνV TMNS + A], (II.8)
where A is an arbitrary three by three anti-symmetric matrix satisfying AT + A = 0 with
three complex values, VMNS, Dν is respectively lepton mixing and active neutrino masses
that are observables [45]. In our numerical convention, we choose the latter parametrization.
6D. Lepton flavor violations (LFVs)
LFV processes `i → `jγ arises from the Yukawa couplings f and g, and its formula of
branching ratio can be given by [46]
BR(`i → `jγ) ≈ 48pi
3Cijαem
G2Fm
2
`i
(|aRij |2 + |aLij |2), (II.9)
aRij ≈ −
m`i
(4pi)2
∑
α
(
fjαf
†
αi[s
2
αG1(mH1 ,Mα) + c
2
αG1(mH2 ,Mα)]
−g∗jαgTαi[2G1(Mα,mδ±±) +G1(mδ±± ,Mα) +
1
2
(Mα,mδ±)]
)
, (II.10)
aLij ≈ −
m`j
(4pi)2
∑
α
(
fjαf
†
αi[s
2
αG1(mH1 ,Mα) + c
2
αG1(mH2 ,Mα)]
−g∗jαgTαi[2G1(Mα,mδ±±) +G1(mδ±± ,Mα) +
1
2
(Mα,mδ±)]
)
, (II.11)
G1(m1,m2) =
2m61 + 3m
4
1m
2
2 − 6m21m42 +m62 + 12m41m22 ln m2m1
12(m21 −m22)4
, (II.12)
where `e,µ,τ ≡ (e, µ, τ), αem ≈ 1/137, GF ≈ 1.17 × 10−5 GeV−2, C21 ≈ 1, C31 ≈ 0.1784,
C32 ≈ 0.1736, and current experimental upper bounds are given by [45, 47]:
BR(µ→ eγ) . 4.2× 10−13, BR(τ → eγ) . 3.3× 10−8, BR(τ → µγ) . 4.4× 10−8.
(II.13)
E. Muon anomalous magnetic dipole moment (∆aµ)
∆aµ can easily be found from the formula of LFVs, and its form is given by
∆aµ ≈ −mµ(aRµµ + aLµµ). (II.14)
The experimental result for example suggests the following bound [48]:
∆aµ = (26.1± 8.0)× 10−10, (II.15)
which is 3.3 σ deviation from the SM contribution. Clearly we expect f  g in order to get
positive ∆aµ in light of the experimental result.
7F. Z ′ boson from U(1)H breaking
We obtain massive Z ′ boson after spontaneous U(1)H symmetry breaking by nonzero
VEV of ϕ. The mass of Z ′ is given by
mZ′ = 4xg
′v′ (II.16)
where g′ is the U(1)H gauge coupling constant. Our Z ′ boson can decay into L′a as well as
scalar bosons from S and ∆ as these particle have U(1)H charge. Considering loop level, Z
′
can also decay into the SM leptons and the decay width is given by [49]
Γ(Z ′ → `+i `−j ) ≈
mZ′g
′2x2
8pi(4pi)2
∣∣∣∣∣∑
α
fiαf
†
αj
∫
[dx]3 ln
[
xm2H2 + (y + z)M
2
α − yzm2Z′
xM2α + (y + z)m
2
H2
− yzm2Z′
]∣∣∣∣∣
2
, (II.17)
where `i,j involves charged-leptons and neutrinos; (e, µ, τ, νe, νµ, ντ ) assuming to be their
massless final state. Here we have ignored the contribution from loop diagram associated
with ∆ since we assume relation gij  fij to obtain positive ∆aµ. Notice that Z ′ dominantly
decays into the SM lepton modes if L′, S and ∆ are sufficiently heavier than mZ′/2. Also
Γ(Z ′ → νiν¯j) is given by the same formula as Eq. (II.17). Therefore the branching ratios
are given by
BR(Z ′ → `+i `−j (νiν¯j)) =
1
(1 + δij)
Γ(Z ′ → `+i `−j )∑
i,j=e,µ,τ Γ(Z
′ → `+i `−j )
, (II.18)
and BR(Z ′ → e+e−) is maximally 1/2.
G. The dark matter candidate and its interactions
Firstly we identify the DM candidate as the S dominated boson H2 ≈ S as discussed
above. The relevant interactions for DM physics are given by
L ⊃ −ixg′Z ′µ(H∗2∂µH2 −H2∂µH∗2 ) +
λSϕmZ′
4xg′
ρH∗2H2 + g
′2x2H∗2H2Z
′µZ ′µ + 4g
′xmZ′ρZ ′µZ ′µ,
(II.19)
where we also have Yukawa interaction among DM and leptons as shown in Eq. (II.5). The
possible DM annihilation processes are shown in Fig. 2. Among them the right-bottom
diagram provides dominant contribution in our parameter setting; the left diagrams are
suppressed since they are p- or d-wave contribution and we take H2H
∗
2ρ coupling is small
8FIG. 2: The Feynman diagrams for DM annihilation processes.
so that we can evade the bound on direct detections. Therefore it should be of the order
0.01. In our analysis below, we will numerically estimate the relic density of our DM using
micrOMEGAs 4.3.5 [50] by implementing relevant interactions. The resulting cross section
H2H
∗
2 → ¯`i`j ¯`i′`j′ is given by
σvrel(H2H
∗
2 → ¯`i`j ¯`i′`j′) ≈ σvrel(H2H∗2 → 2Z ′)×BR(Z ′ → ¯`i`j)BR(Z ′ → ¯`i′`j′). (II.20)
In our analysis, we estimate BR(Z ′ → ``′) combining with the neutrino oscillation data and
LFV constraints.
III. NUMERICAL ANALYSIS
In this section, we carry out numerical calculations and investigate possible explanation
of DAMPE data. First of all we fix the following parameters to be mH2 = 3000 GeV to fit
the DAMPE data to explain the excess around ∼ 1.4 TeV, sα = 0.3, mδ±± = mδ± = mδ 1 in
the numerical analysis. Then we select 1.5× 104 random sampling points for the valid input
1 These mass degenerates provide the satisfying region of the oblique parameters.
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FIG. 3: Left plot: Scatter plot of BR(Z ′ → e+e−) versus BR(Z ′ → µ+µ−) with blue points
and BR(Z ′ → τ+τ−) with red points that satisfies neutrino oscillation data and LFV constraints.
Right plot: Scatter plot of BR(Z ′ → e+e−) versus BR(Z ′ → eµ) with blue points, BR(Z ′ → eτ)
with red points and BR(Z ′ → µτ) with black points.
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FIG. 4: Scatter plots on BR(Z ′ → e+e−)-BR(`→ `′γ) plane for NO(IO) cases in left(right) plot
where red, blue and green points correspond to BR(µ→ eγ), BR(τ → eγ) and BR(τ → µγ).
parameters in the following ranges:
(|A12|, |A13|, |A23|) ∈ [10−15, 10−10] GeV, (M1 ≤M2 ≤M3) ∈ [mH2 , 5000] GeV,
(mH1 ,mδ) ∈ [mH2 , 5000] GeV, |fij| ∈ [10−3, 1],
and we search for allowed points in our parameter space that satisfy neutrino oscillation
data and LFV constraints, where g <
√
4pi is imposed to satisfy the perturbation limit.
Note that magnitude of Yukawa couplings |gij| are found to be much smaller than |fij|
in the setup which is consistent with our assumption in above discussions. For neutrino
oscillation data, we apply best fit values for normal ordering (NO) and inverted ordering
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(IO) cases [45]. Here we take range of Yukawa couplings fij universally to see behavior
of branching ratio of BR(Z ′ → `±`′∓) taking into account the constraints from neutrino
oscillation data and LFV constraints. In the left panel of Fig. 3, we show scatter plots
of BR(Z ′ → e+e−) versus BR(Z ′ → µ+µ−) with blue points and BR(Z ′ → τ+τ−) with
red points that satisfies neutrino oscillation data and LFV constraints. Here we focus on
the region BR(Z ′ → e+e−) & 0.3 since it is favored to explain the DAMPE excess. We
see slight correlation between the branching ratios but the BR(Z ′ → µ+µ−(τ+τ−)) can take
wide range of value. Also in the right panel of Fig. 3, we show scatter plot of BR(Z ′ → e+e−)
versus BR(Z ′ → eµ) with blue points, BR(Z ′ → eτ) with red points and BR(Z ′ → µτ)
with black points. The figure shows BR(Z ′ → τµ) tends to smaller than the others for
relatively large BR(Z ′ → e+e−) region. In addition, we find the results are same for NO
and IO cases.
In Fig. 4, we show the scatter plot on {BR(Z ′ → e+e−), BR(` → `′γ)} plane where
BR(µ → eγ), BR(τ → eγ) and BR(τ → µγ) correspond to red, blue and green plots,
parameters for these points satisfy neutrino oscillation data and LFV constraints, and left-
(right-)plot is for NO(IO) case. We find that the BR(` → `′γ) in case of NO tends to be
smaller than the one in case of IO, and BR(µ→ eγ) reach the current experimental upper
bound. Therefore BR(µ → eγ) could be tested near future [47]. As for another issue, the
scale of ∆aµ is at most 10
−12 , which is 103 times as same as the measured value, in obtaining
sizable BR(Z ′ → e+e−). This tendency is due to the fact that we need to suppress Yukawa
couplings fij associated with muon index compared to those with electron index. Thus if
we do not require sizable BR(Z ′ → e+e−), it is possible to enhance ∆aµ. 2
In Fig. 5, we show the scatter plot of mZ′ versus g
′ with color indicating σvrel(H2H∗2 →
2Z ′) = (1.25, 3.5)×10−26 cm3/s in current universe. As a conservative estimation, BR(Z ′ →
e+e−) & 0.3 highlighted in the above analysis corresponds to σvrel(H2H∗2 → e+e− ¯`i′`j′) &
σvrel(H2H
∗
2 → 2Z ′)
(
1 − (1 − 0.3)2
)
' (0.6, 1.7) × 10−26 cm3/s, half of which cover the
region which can interpret the DAMPE peak, i.e. at least one e+e− pair produced with
& 1 × 10−26 cm3/s. When including other e+e− produced from Z ′ → µ+µ−, τ+τ− decay
modes, the e+e− flux can be further increased, although with the spectrum slightly flattened.
Note also that we can have resonant enhancement of annihilation cross section if we include
2 If we make the Yukawa couplings |f21|, |f22|, |f23| to be large as f2i & O(1), one finds the sizable ∆aµ.
11
FIG. 5: Scatter plot of mZ′ versus g
′ with color indicating σvrel(H2H∗2 → 2Z ′) & (1.25, 3.5) ×
10−26 cm3/s in current universe. See the main text for more details.
process H2H
∗
2 → ρ → Z ′Z ′ with sizable λSϕ coupling and tuning the mass relation as
2mH2 ∼ mρ.
IV. CONCLUSIONS
We have studied a model with hidden gauge symmetry U(1)H where a bosonic DM
candidate H2 plays an role in inducing the active neutrino masses, lepton flavor violations,
and muon anomalous magnetic moment at one-loop level. In addition, Z ′ boson from U(1)H
decays into the SM leptons through one-loop effect where our DM candidate propagates
inside a loop diagram. Then we have shown branching ratio of Z ′ in parameter region which
can fit the neutrino oscillation data and satisfy constraints from LFVs. Moreover correlation
between branching ratios of Z ′ and LFV charged lepton decays has been investigated and
different behavior has been shown in normal and inverted ordering cases for neutrino masses.
The relic density of DM has been explained from a contact interaction via Z ′ boson
inducing annihilation process of H2H
∗
2 → Z ′Z ′. Then Z ′ boson decays into leptons, giving
four-body lepton final states; H2H
∗
2 → 2Z ′ → ¯`` ¯`` (` = e, µ, τ, νe, νµ, ντ ). We thus have
found that the DAMPE excess can be accommodated when Z ′ dominantly decays into
12
electron positron pair, and masses of DM and Z ′ is around 3 TeV. In such a case, the scale
of ∆aµ is at most 10
−12, which is 103 times as same as the measured value due to the electron
specific Yukawa couplings. We note however that sizable ∆aµ can be obtained by changing
the several scales of components of fij associated with muon.
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